Objective. The impact of a professional cricket match schedule on white blood cell (WBC) distribution and lymphocyte activation (CD69 expression) was investigated.
Introduction
Considerable physical and mental demands are placed on professional team sport players, with competitive events becoming more frequent and training schedules increasingly intense. In addition to exercise stress, a number of other stressors such as lack of sleep, mental stress, possible allergies to pollen or grass, frequent travel and prolonged exposure to ultraviolet (UV) radiation, also add to the demands of modern-day cricket.
Studies have shown that, in general, excessive exercise during training and competition leads to immunosuppression, or possibly a shift from cell-mediated to humoral immunity, especially in endurance-trained athletes. 22, 31, 34 Epidemiological studies on endurance athletes participating in long duration, competitive events 2, 13, 21, 23, 31 have shown an increased incidence of upper respiratory tract symptoms (URTS). Although an earlier epidemiological survey of ultramarathon runners reported increased URTS in faster runners, 23 a more recent laboratory study of trained cyclists showed that in less extreme sports events, exercise duration has a greater suppressive effect on selected parameters of immune system function than exercise intensity. 26 To understand these results more fully, it is necessary to consider findings of research at cellular level. Studies have indicated that an acute bout of aerobic exercise decreased CD4:CD8 ratio during exercise, with a subsequent transient increase above baseline, post-exercise. 17, 27, 30, 33 However, strenuous training and competition over time may lead to chronically decreased CD4:CD8 ratios in athletes. 1 Specifically, Baj et al. 1 reported a significantly decreased CD4+ cell count accounting for the decrease in CD4:CD8 ratio in competitive cyclists after a 6-month season. This suggests a shift from specific immunity (CD4 cells) to nonspecific immunity (CD8 cytotoxic cells), or suppression of certain B-and T-cell mediated immune functions in these athletes.
Lymphocytes expressing the cluster differentiation markers CD4 (helper T), CD8 (suppressor/cytotoxic T), CD19 (B) or CD15/56 (natural killer (NK)) have undergone primary proliferation during the haematopoietic process and are usually in a quiescent state, and these CD markers may be used to identify the specific lymphocyte subpopulations. In response to mitogen exposure some of these cells will become activated and capable of secondary proliferation, which is vital for proper immune function. Cells committed to secondary proliferation express CD69, 14 which has been linked to their activation, proliferation and cytotoxic function. 4, 5, 35 The wide cel-lular distribution of CD69 and its association with intracellular signal transduction 8 suggest a central role for its expression in immune system function.
Few studies 10, 12, 27 have investigated exercise-induced modulation of CD69 expression. Ronsen et al. 27 reported that 1 bout of cycling (65 minutes at 75% maximal oxygen uptake (VO 2max )) did not significantly affect mitogen-induced CD69 expression in CD4+, CD8+ or NK cells. However, after 2 bouts of cycling separated by 3 hours, no effect was evident in the CD69 expression of CD4+ or CD8+ cells, but percentage of CD69+ NK cells was transiently decreased for 4 hours after the second bout. Similarly, Green et al. 12 reported no change in the ability of CD4+ or CD8+ cells to become activated or to proliferate after a single 1-hour bout of treadmill running at 95% of ventilatory threshold. These study designs did not allow an assessment of the chronic effect of training in these elite athletes. In summary, the main conclusion that can be drawn from available research is that endurance exercise without sufficient rest between bouts seems to have only a transient inhibiting effect on NK cell activation and that chronic exercise training may cause a shift toward mobilisation of cytotoxic cell populations. 18, 19 However, monitoring of elite swimmers over 12 weeks of training 11 showed no association between NK cell count and URTI, suggesting that the humoral immune response may have a more significant role in protection from infection over a whole season. The longer-term effect of several weeks of strenuous exercise on CD69 expression in CD4+ and CD8+ cells has not yet been established in any exercise model. Since activation and proliferation of lymphocytes are crucial for mounting an immune response against pathogens, it is important for athletes to understand the influence of their sport on the immune system, to assist in the prevention of illness.
In competitive athletes exercise is not the only stressor, and effects of other possible additional stressors should be considered. For example, UV-B radiation has been shown to decrease lymphocyte function in in vitro culture studies, 16 and to increase DNA damage in mononuclear cells. 15 Also, lack of sleep, mental stress and frequent travel, which includes the risk of exposure to novel pathogens, have been named as additional factors which amplify the risk of infection in athletes. 20 Long-distance air travel has been reported to impair T-cell dependent cellular immunity, 28, 29 possibly due to cortisol-induced down-regulation of T-helper 2 cells. 29 To begin to profile the cumulative effect of a variety of stressors, we studied athletes participating in a sport with frequent, long-duration match-play, with intermittent bursts of exercise, who also had a frequent schedule of matches, some requiring air travel. Specifically, the effect of an intermittent, strenuous cricket match-play schedule lasting 5 weeks on lymphocyte subpopulation distribution and the expression of CD69 in CD4+ and CD8+ T-cells after in vitro stimulation was determined. A second purpose was to investigate whether these immune parameters (determined before and after the match-schedule) were associated with either the fitness performance of the subjects at the same time points, or URTS experienced during the 5 weeks.
Methods

Subjects
Fourteen healthy, fit male cricketers (mean age 25.4 ± 4.8 years) from a regional professional cricket team completed the study (3 other recruited players were excluded due to injury sustained during the study). The subject group included 10 batsmen, 1 wicket-keeper-batsman, 5 fast bowlers and 1 spin-bowler batsman, thereby representing all positions in a cricket team. All subjects had been participating in cricket for more than 10 years, and had been playing professional cricket for an average of 4.9 ± 3.3 years. Ethical approval was obtained from the University of Stellenbosch before subjects gave voluntary, written, informed consent. Initially, all subjects completed a health history questionnaire and underwent a general medical examination before the study. No subject reported a history of allergic reactions to grass or pollen, or of asthma. No pharmacological treatment was administered to any subject in the month prior to the study.
Exercise schedule
The competitive season used as intervention in this study lasted 5 weeks and consisted of five 4-day provincial cricket matches with air travel (matches were played at venues 2 000 km apart) and training sessions in between. A detailed description of exercise and training (volume and intensity) prescribed before and during the study period is given in Table I . These schedules were prescribed and supervised by a professional biokineticist appointed by the team management. Subjects kept a daily diary of health (including the following symptoms of URTS: sore throat, run- ning nose, cough, sinus symptoms, headaches), intake of supplements and medication and reported to the team doctor on a weekly basis. These subjects were professional athletes and were used to reporting all health-related issues to the team doctor without delay. Athletes participated in both home and away games and were therefore accommodated together and in their home environments during the month of the study. Whether or not any family members had URTS symptoms during the study was not recorded.
Fitness tests and blood sampling
All measures were taken at two time points: before (B) and after (A) the 5-week schedule. VO 2max was estimated using an incremental 20 m shuttle run (Bleep Test). 24 Strength and strength-endurance capacities were tested by bench press (1 repetition maximum (1-RM)) and pull-up count to exhaustion (maximum number of times a subject could pull up his own weight on a 2.5 m high cross bar). All subjects were familiar with the testing methods, since they were previously monitored regularly using these tests, which are the fitness tests prescribed by the United Cricket Board of South Africa (although no scientific study exists to prove their suitability for assessing cricket fitness). Blood samples were collected by venepuncture between 08h00 and 09h00, after a 12-hour fast, no high-intensity exercise for 48 hours, and no exercise at all for 24 hours.
Analysis
EDTA blood samples were analysed for total and differential white blood cell (WBC) counts (Coulter STKS, Beckman/ Coulter, Fullerton, CA, USA), and heparin blood samples for distribution of lymphocyte subpopulations by three-colour flow cytometry (FACSCalibur, Becton/Dickinson, New Jersey, USA), using conjugated monoclonal antibodies (Multitest, Scientific Products, Johannesburg, SA). Activation of CD4+ and CD8+ T-cells was determined by measuring their expression of CD69 after in vitro exposure to a stimulant, using the method described earlier by Breytenbach et al. 6 In short, aliquots of whole blood were stimulated for 4 hours (37ºC, 5% CO 2 , 98% humidity) in the presence of phorbol 12-myristate 13-acetate and a calcium ionophore, after which the cells were labelled with monoclonal antibodies specific for CD69 and measured using standard procedures for three-colour flow cytometry.
Statistical analysis
Results reported are means ± standard deviation (SD). Data were compared using two-tailed, paired Student's t-tests and repeated measures analysis of variance (ANOVA) with Bonferroni post hoc tests. Associations between variables were determined using Pearson's correlation analysis. Significance level was set at p < 0.05.
Results
Average body mass and height of subjects were 82.7 ± 6.7 kg and 1.81 ± 0.07 m respectively. Prescribed training and match hours increased from 22 per week during the pre-season to 35 per week during the study (Table I ). The main change in the components of training during this time were that weight training was removed during the season, and match-play hours, although intermittent due to the nature of the sport, increased from 6 to 24 hours. Exercise test results remained similar for the duration of the study (Table II) .
Mean total WBC count did not change, but mean total lymphocyte count, as well as all lymphocyte subpopulation counts analysed, were significantly decreased (Table III) . Specifically, CD4+ cells decreased by 21% and CD8+ cells by 16%, with no significant change in the CD4:CD8 ratio. However, % CD4+CD69+ cells increased significantly (B: 54.4 ± 9.7%, A: 64.0 ± 8.5%, p < 0.01), while the % CD8+CD69+ cells remained similar (Fig. 1) Bench press 1-RM (kg) 84 ± 10 83 ± 11
Bench press : weight ratio 1.01 ± 0.09 1.01 ± 0.09
Pull-up score 11 ± 4 10 ± 4 *Values are means ± standard deviation. Data were compared using paired Student's t-tests and significance was set at p < 0.05.
1-RM = 1 repetition maximum; VO 2max = maximal oxygen consumption. from B to A (Fig. 2) .
The CD4:CD8 ratio correlated negatively with the Bleep Test score at both B and A (Fig. 3) . At B, The Bleep Test score correlated negatively with % CD4+CD69+ cells (r = -0.45, p < 0.05) and tended to correlate negatively with % CD8+CD69+ cells (r = -0.42, NS). Both these relationships no longer existed at A.
Six subjects each reported a short period (3 -4 days) of URTS that cleared up with symptomatic treatment administered by the team doctor. Treatment consisted of either a nasal decongestant or oral anti-histamine, or both. One subject had diarrhoea that responded to an anti-diarrhoeal drug. None of the athletes discontinued training as a result of their symptoms. After dividing subjects into a symptomatic and an asymptomatic group, we found no effect of illness, and no interaction between illness and time (Table IV) , although the significant effect of time on % CD4+CD69+ cells was consistent with the data presented in Fig. 1 .
Discussion
The main strengths of this study were firstly that it contributes to the few previous studies that have investigated the effect of participation in team sports on T-cell number and function 7, 25 secondly that the assessment of an activation marker on T-lymphocyte subpopulations was included in this study, and thirdly that the current results clearly indicate the importance of expressing immune function in absolute rather than in relative terms.
Previous longitudinal studies 7, 25 on football and soccer players showed that while the total WBC count remained unchanged, the CD4:CD8 ratio decreased over the course of a competitive season. The change in ratio was the result of an increase in CD8+ cells in the soccer players, 25 but due to a decrease in the CD4+ cells in the football players. 7 The results of unchanged total WBC count and decreased CD4+ cell count in the current study are in agreement with the study on footballers, 7 whereas while the latter showed only a tendency for CD8+ cell count to decline, our study showed a significant decline. Our study does not support the finding of an increased CD8+ cell count reported in soccer players. 25 The decreases in total lymphocyte, T-cell subpopulation, B and NK cell counts reported here, are similar to results obtained in earlier studies of endurance athletes. 1, 27, 32 It is known that exercise-induced increases in concentrations of stress hormones, such as catecholamines, 8 may be responsible for the exercise-induced depression of the lymphocyte counts. 3, 9 Due to the nature of the game of cricket, all players are active for several hours each day when their side is bowling and fielding, and successful batsmen may also play for many hours on end, whilst those batsmen still to follow are under psychological stress. In cycling, the duration of exercise has been shown to be an important factor in altering the immune response. 26 Although not all cricket players have equally long duration of exercise, and the exercise is different from that of cycling, the cumulative stress during a single match may play an important role in their immune response. The additive effect of several long cricket matches may have significant effects that are quite different from those that may be seen after a single bout of a typical high-intensity, inter- mittent, short match duration team sport. Taking into consideration that the athletes in the current study also trained on days between matches, the periods of rest may have been insufficient for the immune system to recover from the combination of physical and mental stress endured during matches, and the physical stress of training. Exerciseinduced decreases in lymphocyte counts return to baseline levels only after 4 hours of recovery from acute exercise to exhaustion (lasting ± 1 hour). 25 We hypothesise that exercise frequency may affect total lymphocyte and lymphocyte subpopulation counts found at rest in competitive athletes due to repeated transient increases in stress hormone levels and insufficient recovery.
T-cell CD69 expression was also investigated. Although both CD4+ and CD8+ cell counts decreased proportionally (CD4:CD8 ratio stayed similar), the %CD4+CD69+ on stimulation in vitro increased significantly. This is in contrast to the results of Ronsen et al. 27 who showed no change in %CD4+CD69+ cells when determined directly after a second bout of exercise performed on the same day. Therefore, while a few acute bouts of exercise seem to have no effect on CD69 expression in CD4+ cells, many long-duration exercise bouts with additional cumulative stressors over 5 weeks resulted in significantly increased relative CD69 expression. Although acute exposure of immune cells to UV-B radiation in vitro decreased lymphocyte function, 16 T-cell function was not decreased in our study. One reason for this discrepancy could be a difference in the magnitude of radiation during the in vitro experiment vs. during actual outdoor sport participation. Similar to extreme UV-B radiation, long-distance air travel also suppresses immune function. 28, 29 Since we showed an increase in lymphocyte function, it is unlikely that the shorter duration air travel experienced by our subjects was a confounding factor.
When considering the two main findings separately, the first finding of significantly decreased absolute counts of CD4+ and CD8+ cells at follow-up seems to indicate immune system impairment. But the second finding of an increased percentage of CD4+CD69+ cells seems to indicate that the immune system has an improved potential for functional response. The implication of both findings becomes clear only when put together, since the absolute number of activated CD4+ and CD8+ cells per volume of blood remained similar (CD4+CD69+ cells: B: 524 ± 210 vs. A: 487 ± 130 cells/ul; CD8+CD69+ cells: B: 136 ± 78 vs. A: 123 ± 84 cells/ul). Therefore, although circulating cell numbers decreased, the percentage of cells activated to undergo proliferation increased (Fig. 1) , resulting in no net change in absolute cell reactivity (Fig. 2) .
The Bleep Test score was negatively correlated with CD4+:CD8+ ratio at both B and A, so that a higher score was associated with ratios favouring the non-specific/cytotoxic Tcell response, which is in accordance with previous reports in endurance athletes. 18, 19 In addition, the Bleep Test score correlated negatively with % CD4+CD69+ cells (r = -0.45, p < 0.05), and with %CD8+CD69+ cells (r = -0.42) before the competitive season. Therefore players with better performance in an endurance test had lower relative CD69 expression at the start of the study. These relationships were no longer evident at follow-up, possibly due to changes occurring during the match period, e.g. illness or a change in fitness levels. However, results failed to show differences in cell reactivity between subjects who had experienced periods of illness and and those who had not (Table IV) , and fitness levels remained similar for the duration of the study (Table II) . Other possible explanations include similarities in psychological stress and the additional stress of air travel between match venues during the study as opposed to the pre-season period.
The use of a suitable control group could have assisted in interpretation of data and strengthening of conclusions. However, selection of an appropriate control group would have been difficult for this study, and whether or not the investigators could control both their exercise habits and stress status for the duration of the study, in our case more than 2 months, is questionable. Such a group would have to consist of equally fit, age-matched, non-smoking subjects, with similar air travel and sun-exposure schedules, and without any changes in life stress for the duration of the study. Use of a non-suitable control group may also result in less accurate interpretation of results. For example, Bury et al. 7 used non-trained students as a control group for their study. Such a group would be relevant for assessing exercise stress, but not any additive lifestyle stresses (such as examinations and social pressures). Indeed, their control group showed slightly decreased CD8+ cell count (4%), which may have prevented the lowered CD8+ cell count seen in the footballers (15%) from reaching statistical significance, despite being of similar magnitude to the decline seen in CD8+ cell count in the cricket players in our study (16%). Therefore, in the current study a control group was not used, and baseline samples served as controls, similar to other previous studies of long duration investigating similar parameters. 10, 25 
Conclusion
This study has shown that a 5-week strenuous, team sport match schedule had no net suppressive effect on CD4+ and CD8+ cell reactivity in response to mitogen stimulation, despite decreased circulating numbers of CD4+ and CD8+ cells. Therefore, it is concluded that assessing absolute CD4+ and CD8+ cell counts may lead to incorrect conclusions about athletes' immune systems. It is proposed that potential capacity for lymphocyte function should be assessed by determining the absolute number of cells per volume of blood expressing CD69.
